SUMMARY A technique is described for the quantitative assessment of peripheral nociceptive C fibre function by measurement of the axon reflex flare. Acetylcholine, introduced by electrophoresis, is used to stimulate a ring of nociceptive C fibre endings at the centre of which the increase in blood flow is measured with a laser Doppler flowmeter. This flare (neurogenic vasodilatation) has been compared with mechanically or chemically stimulated non-neurogenic cutaneous vasodilation. The flare is abolished by local anaesthetic and is absent in denervated skin. The flare has been measured on the sole of the foot of 96 healthy subjects; its size decreases with age in males, but not in females.
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In recent years quantitative measurement of various modalities of peripheral sensation has come to be increasingly important in both diagnosis and management of peripheral neuropathy.' 2 Although sensitive methods are available for measuring mechanoreceptor and thermal function, techniques suitable for clinical measurement of nociceptor function are less satisfactory. In early classical work on pain, Hardy et al3 used radiant heat as a stimulus amd more recently heat-pain threshold has been measured using the more precisely controlled stimulus produced by a Peltier thermode.' A device for measuring mechanically induced pain was produced by Lynn and Perls and used in the measurement of pain threshold in diabetics by Le Quesne and Fowler.6 The value of all these techniques is limited by the particular problems of subjective pain assessment.
During a study of sweating in diabetics using the technique developed by Low et al7 whereby axon reflex sweating was induced by electrophoresis of acetylcholine, Ahmed and Le Quesne8 noted that in control and some diabetic subjects a spreading flare developed, whereas in others the flare was absent. Lewis9 demonstrated that the spreading vasodilatation of the triple response was an axon reflex depending on the integrity of nociceptor afferent nerves. Recently there has been a resurgence of inter-est in neurogenic inflammation and the vasoactive peptides, particularly substance P, responsible for the axon reflex flare.'0 Lembeck" has re-emphasised the dual role of the small C fibres forming Lewis's nocifensor system, whereby stimulation of cutaneous nociceptor endings produces impulses which travel both to the CNS to produce the sensation of pain and to axon collaterals to initiate neurogenic inflammation. By means of a technique for quantifying the flare response,'2 we have used the linking of the two functions in one fibre to provide an objective measurement of peripheral pain pathways. In addition, we can measure neurogenic inflammation, whose impairment may be important in some diseases.
The flare depends on a cutaneous vascular reaction. This assumes that the vasculature is capable of responding to the vasodilator peptides released by the axon reflex. To assess the capacity of the vessels to dilate, use has been made of another component of Lewis's9 triple response, the direct local red reaction, which is independent of nerves. This reaction, which can be produced in a variety of ways and is confined to the area stimulated, will reveal any intrinsic vascular abnormality due for example to microangiopathy or occlusive vascular disease. To produce the axon reflex flare, the outer ring was filled with 10% acetylcholine (ACh) and, when the Doppler signal was stable, a current of 1 mA was passed for 5 min through the outer chamber. The flare produced spreads both outwards, where it is visible, and inwards where it is measured by the probe (fig lb) .
For the direct, chemically induced non-neurogenic reaction, the central well was filled with either 10% ACh or 1% pilocarpine, and a stimulus of 1 mA applied for 5 min through the central chamber.
A direct, mechanically induced red reaction was produced by making a firm stoke with a spring loaded dermograph, which produces a pressure of 2 5 N. The flux was measured with the probe at the same site before and after stimulation. increase from the resting value. It was shown that the higher the resting flux, the higher the figure after induction of the flare (R = 0-225, p < 0 02), but the The mean flux after induction of a flare for all control subjects was 11 7mV (SD3-6) (table). Its size decreased with age, the diminution being statistically significant in males (R = 0-67, p < 0-001), but not in females (R = 0 145, NS) ( fig 5) . The difference in the slopes of the regression line of flux on age for males and females over the age of 29 was significant (t = 2 739 p > 0 01). Neither the resting flux, nor the direct local response to pilocarpine or a firm stroke were significantly related to age (table) .
Results

Characteristics of the vascular reactions
Males
The test was performed twice, on different days, on 21 feet. The mean absolute difference in the size of the flare was 2-3 mV (SD 1 8). For each subject the difference was expressed as a proportion of the mean of the two readings. The mean of these values was 17% (SD 10 5) .
In order to compare neurogenic vasodilatation with the non-neurogenic capacity to vasodilate, an index has been calculated in which the increase in flux (table) . The direct red reaction, although not maximal vasodilatation, has been used for this index, because of the slight reduction in pilocarpine or AChvasodilatation in totally denervated skin.
Discussion
We have used the electrophoresis of ACh as a standard, reproducible, atraumatic stimulus which will produce a maximal flare within a few minutes.
Douglas and Ritchie"4 demonstrated that ACh has a direct excitatory action on non-myelinated C fibres in the saphenous nerve of the cat, this being abolished by hexamethonium but not by atropine. Pilocarpine produces direct vasodilation identical to that produced by ACh but no flare; these two observations both suggest that stimulation of the flare depends on the nicotinic action of ACh. Other substances which produce a flare are less convenient for clinical use and for producing a quantifiable response. Histamine must be injected intracutaneously. A single application of capsaicin produces a flare, but it is abolished by repeated applications probably due to depletion of substance P.'5 The flare produced by mustard oil is so variable that it is only possible to determine whether a flare is present or absent. 16 Previous attempts at quantification of the flare have depended on measurement of the area of visible vasodilatation. This can be difficult, not only because of variability due to lack of standardisation of the stimulus, but also because the flare has an irregular outline and crenated edge9 due to anatomical variations in the distribution of the responsible nerves. We have overcome these problems by measuring the change in superficial cutaneous blood flow at one fixed point at the centre of a ring stimulus. Laser Doppler measurement has the additional advantage that an objective measurement may be made when erythema is not visible to the naked eye, such as where the skin is thickened, as on the sole of the foot, and on pigmented skin.
Electrophoresis of ACh over the area of the ring of the capsule produces, in most people, a "prickling" sensation, which is not actually painful. Prickling has in the past been ascribed to the small cutaneous nerve fibres responsible for pain sensation.'7 Pain is produced by the simultaneous stimulation of many neurons, the pattern of impulse discharge probably being of importance. Microneurographic studies have shown that low frequency firing of nociceptive fibres does not produce pain, whereas pain does occur at a higher firing frequency of the same fibres. ' It is increasingly apparent that neurogenic inflammation plays an essential part in the body's defence mechanisms. The quantitative test now described allows us to explore the importance of a deficit in this mechanism. In diseases such as congenital insensitivity to pain, where the flare is absent,39 and in diabetes, loss of the neurogenic inflammatory response may be as important as loss of pain sensation in the manifestations of the disease.
In conclusion, the dual role of the nociceptive system allows the flare to be used to study deficits both of pain and of neurogenic inflammation. It has been added to our battery of other quantitative tests to produce a profile of abnormalities of the different types of fibre making up a peripheral nerve. 
